Eight strains of Borrelia burgdorfieri sensu lato were tested with serum samples from persons who had Lyme borreliosis or syphilis in class-specific enzyme-linked immunosorbent assays (ELISAs). Antigens of B.
The diagnosis of Lyme borreliosis depends on a physician's assessment of clinical findings, epidemiological information, and laboratory results. When the clinical diagnosis is unclear, there is increased reliance on laboratory testing. Unfortunately, there are limitations in most conventional assays being used to detect serum antibodies to Borrelia burgdorferi sensu lato. An antibody assay may have low sensitivity when blood samples are collected from patients during early disease (29) . False-positive test results also can occur (20, 23, 31) . The use of purified recombinant proteins in enzyme-linked immunosorbent assays (ELISAs) and Western blot (immunoblot) analyses has helped improve specificity without loss of sensitivity (13, 21) . The utility of immune electron microscopy and PCR techniques for detection of antigen or DNA in human tissues or fluids is being explored. These methods have high sensitivity and specificity (12, 15, 16, 24, 26) , but they are still considered experimental as are other procedures for antibody detection in function-oriented immunoassays (9, 28 (30, 31) , including Japan (14) and the former Soviet Union (11), these commercial products have had more extensive distribution and use. Personnel in clinical and research laboratories in Eurasia, like in the United States (20, 22 (6, 7) . On the basis of pulsed-field gel electrophoresis characterization procedures, different isolates from L persulcatus have been classified as B. garinii and B. afzelii (7) . The B31 Shelter Island strain of B. burgdorferi sensu stricto and strain 2591 each had been subcultured extensively (>30 passages) and were included as reference antigens. All spirochetes were grown in fortified Barbour-Stoenner-Kelly II medium (2) before the antigens were prepared for coating to the solid phase of an ELISA. Methods of antigen preparation have been described (22). Low-passage isolates (i.e., fewer than 15 subpassages) of the remaining strains were selected for antigen preparation.
ELISA. Class-specific ELISAs for immunoglobulin M (IgM) and IgG antibodies were used to determine titration end points for serum specimens. Details on materials and methods for these assays have been reported (19) . In brief, serial dilutions of human sera were screened against all eight strains of Lyme borreliosis spirochetes to determine antibody titers. Each antigen was prepared the same way from cultured spirochetes and was standardized for protein content (3 to 5 pg of protein per ml) by using a commercially available assay (Bio-Rad Laboratories, Richmond, Calif.). The following affinity-purified, peroxidase-conjugated antibodies were used: goat antihuman IgM (,u-chain specific; Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) or goat anti-human IgG (-y-chain specific; Kirkegaard & Perry). Analyses included 11 normal serum samples tested previously (19) (25) , a nonparametric statistical procedure, was used to determine whether the selected strains of Lyme borreliosis spirochetes used as antigen in assays resulted in significantly higher or lower antibody titers than those obtained with strain 2591. We based our test on the statistic T, the absolute value of the smaller of the two sums of ranks, and (Table 1 ). An ELISA containing the B31 strain was the least sensitive, while assays with strains 2591, IPF, and 33203 were the most sensitive. Similarly, comparable assay sensitivities were recorded when human sera were screened against the same series of wholecell antigens in IgG antibody analyses. Seropositivity exceeded 91% for all strains except strain 33203 (which was 82.6% seropositive). In tests for specificity, the syphilitic sera reacted to each strain of Lyme borreliosis spirochete. All seven serum specimens were positive to strains 2591, B31, 25015, and NCH-1. Six of seven serum specimens contained cross-reactive antibodies to the remaining antigen strains. The syphilitic serum specimen that was nonreactive to strains 231, 33203, IPF, and IP90 had a low antibody titer to T pallidum (1:64) in a fluorescent treponemal antibody absorption test (20) .
Geometric means and ranges of IgM antibody titers for groups of sera screened against the series of Lyme borreliosis spirochetes were highly variable ( from six other persons, who had erythema migrans, were screened against the eight antigen strains in IgG antibody analyses. Forty-three (89.6%) of 48 trials had twofold or no changes in antibody titers, while fourfold (n = 4) or eightfold changes (n = 1) in titers were noted for the remaining trials.
Tests on reproducibility of titers were conducted to determine the variability of assay results (Table 4) . In IgM analyses, there were no changes or twofold differences in antibody titers for 55 (85.9%) of 64 trials. Fourfold or eightfold differences were noted in nine trials. Assay results for antigen strains 2591, B31, and 25015 were the least variable. In IgG analyses of nine serum samples, 63 (87.5%) of 72 trials had no changes or twofold differences in titration end points. A fourfold (n = 9) variation in antibody titers was noted for the remaining trials. As in IgM analyses, results for an ELISA with antigen strain 2591 were the least variable.
DISCUSSION
All eight strains of whole-cell B. burgdorferi sensu lato performed equally well when used as coating antigens in an ELISA. Comparable assay sensitivities and specificity test results indicate that key immunodominant antigens are shared among these closely related strains and treponemes. These findings parallel those reported earlier (4). Flagellar components of Borrelia and Treponema spirochetes, in particular, have multiple shared epitopes (10, 13, 18, 21) . The minor differences in assay sensitivity noted in both class-specific ELISAs are probably due, in part, to normal test variability. (10, 34) . This expanding and broad host immune response to several polypeptides and possibly to lipooligosaccharides shared among strains increases the chances of serologically confirming B. burgdorferi infections. In terms of overall sensitivity or specificity, our selection of a particular whole-cell strain of Lyme borreliosis spirochete for analyses did not seem to be a critical factor. This agrees with results of earlier studies (8, 17) , which included different sets of antigens and human sera. Our studies included strains of more genetically variable B. burgdorferi sensu lato obtained from widely separated locales. In other work, whole cells and a recombinant protein (p41G) of B. blrgdorferi were compared in an ELISA. The use of the latter resulted in greater specificity without loss of sensitivity (13, 21) . There was also minor improvement in assay sensitivity for sera collected during the early weeks of infection, a time when conventional antibody assays with whole-cell antigens usually fail to detect antibodies to B. burgdorferi. With variable host immune responses to multiple antigens, the use of a mixture of highly specific and purified subunit antigens, such as recombinant proteins of flagellin and outer surface proteins A, B, and perhaps p39, therefore, seems to be an appropriate alternative for a more sensitive and specific ELISA. To find the most suitable whole-cell strain or best mixture of specific antigens, particularly in view of recent findings (33) 
